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Introduction

In RAN1 NR WG1 Adhoc in Jan 2018, dynamic power sharing mechanism between NR and LTE dual connectivity was discussed: 

[bookmark: _GoBack]Agreement:
· P_LTE and P_NR are configured separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)
· P_LTE and P_NR are UE-specific
· P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR (details to be decided by RAN4)
· RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.
· When dynamic power sharing is used, 
· If total power for LTE and NR in FR1 exceeds X_total, UE reduces NR transmission power or drops NR transmission so that total power does not exceed X_total
· Note: As per previous agreement LTE power control procedure is not changed


In this document, we discuss UL power control for NR and LTE dual connectivity (architecture option 4). We present key aspects of the UL power control, as it relates to semi-static and dynamic power sharing. We further discuss remaining details of power control for both EN-DC and NE-DC to account for multiple NR numerologies. 

Power Sharing for NE-DC
The power sharing mechanism for NR and LTE DC defines the UE power allocation strategy for NR and LTE UL transmission. 
For NE-DC, unlike EN-DC, the UE is configured with a MCG using NR radio access and with an SCG using LTE radio access.
When the power on NR and the power on LTE are semi-statically defined fractions of the maximum power configured at the UE, and cannot exceed the configured maximum power at the UE, the UL power sharing for NE-DC can follow that of EN-DC, and no further changes to the spec are needed.
Proposal 1: No changes in the spec are needed for semi-static power sharing in NE-DC.

When the UE is capable of dynamic power sharing, the UE can operate with power on LTE (P_LTE) and power on NR (P_NR) that can exceed the configured power class power. The power sharing procedure needs to ensure that the total power does not exceed the maximum configured power. 
In EN-DC, if the total instantaneous transmit power for LTE and NR exceeds the maximum power, the UE reduces the NR transmission power or drops the NR transmission so that the total power does not exceed the maximum configure power. No changes to the LTE power control procedure is required.
For NE-DC, however, the MCG is on the NR radio access, and SCG is on the LTE radio access. To ensure that the total power for NR and LTE does not exceed the maximum power, the UE can mirror the EN-DC procedure, albeit the NR and LTE are reversed. In fact, the UE reduces the LTE transmission power or drops the LTE transmission so that the total power does not exceed the maximum configured power. This results in no changes in the NR power control procedure. The following text in [38.213 clause 7.5] applies to both EN-DC and NE-DC:
“In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell and prioritizes power allocation for transmissions on the PCell over transmissions on the PSCell. In case of same priority order and for operation with two uplink carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH.”

For NE-DC, a similar text should be added in the LTE specifications 36.213 to indicate prioritization of power allocations on the primary cell over transmission on a secondary cell, since the SCG is on the LTE radio access. 

Proposal 2: When dynamic power sharing is used in NE-DC,
·  if total power for NR and LTE in a frequency range, exceeds a given configured max. power, UE reduces LTE transmission power or drops LTE transmission so that total power does not exceed the configured max. power. 
· LTE power control procedure is modified to include power scaling of the configured max. power on LTE.  

DC Power Sharing with Different Numerologies

NR supports different numerologies as compared to LTE. How the UE performs power back off for LTE and NR DC depends on whether the MCG and SCG are synchronized or not. This situation arises for both EN-DC where the MCG is on the LTE radio access, and NE-DC, where the MCG is on the NR radio access. 
In the case when NR and LTE have different numerologies, one LTE slot transmission can overlap with multiple NR slots. For the UE to perform power backoff, an amount of look ahead functionality is needed for multiple slots where the UE needs to look ahead and infer whether or not a power backoff is needed for the SCG or the MCG, over multiple slots (not just one slot). 
Observation 1: Due to different numerologies in NR, an LTE slot can overlap with multiple NR slots
Proposal 3: When the numerology of NR is different from that of LTE power backoff decisions need to be made with a look ahead functionality across multiple slots even for synchronous DC.

For EN-DC, the current specification in [38.213, clause 7.6.1] accounts for only one slot look ahead for power backoff. Multiple slots support needs to be included such that for a given example, if the UE transmission in subframe  of the MCG overlaps in time with UE transmissions in slots  and  of the SCG,  then both the sum power  and  need to be checked such that if the minimum of the two sum powers in any portion of a given slot exceeds the configured maximum transmission power for EN-DC operation, the UE reduces the transmission power in any portion of slots  and so that the sum power in any portion of any given slot no longer exceeds the configured maximum transmission power.

Proposal 4: Change the text in [38.213, clause 7.6.1] to account for multiple slots look ahead for power backoff in EN-DC



Conclusion
In this contribution, we discuss UL power sharing for NR and LTE dual connectivity. The following observations and proposals were made:

Observation 1: Due to different numerologies in NR, an LTE slot can overlap with multiple NR slots
Proposal 1: No changes in the spec are needed for semi-static power sharing in NE-DC.
Proposal 2: When dynamic power sharing is used in NE-DC,
·  if total power for NR and LTE in a frequency range, exceeds a given configured max. power, UE reduces LTE transmission power or drops LTE transmission so that total power does not exceed the configured max. power. 
· LTE power control procedure is modified to include power scaling of the configured max. power on LTE.  
Proposal 3: When the numerology of NR is different from that of LTE power backoff decisions need to be made with a look ahead functionality across multiple slots even for synchronous DC.
Proposal 4: Change the text in [38.213, clause 7.6.1] to account for multiple slots look ahead for power backoff in EN-DC


